Background: Gastroparesis is a recognized problem of type 1 and 2 diabetes mellitus that is defined by delayed gastric emptying. Due to insufficient satisfaction of current treatments, the use of complementary and alternative medicine in this field seems essential. According to Persian medicine, Pistacia atlantica gum has proper effect on gastrointestinal disorder specially stomach diseases. Objective: The aim of this study was to assess the effect of Pistacia atlantica gum on diabetic gastroparesis symptoms. Methods: A triple-blind randomized placebo-controlled trial on subjects with diabetic gastroparesis was conducted at the clinic of Imam Reza Hospital in Mashhad city in Iran, from November 2016 to May 2017. Fiftyfour patients (16.7% males and 83.3% females) enrolled in the 8-week study and were randomly divided into two groups of intervention Pistacia atlantica and placebo groups. Both of the groups had received current dietary advice. Severity of gastroparesis symptoms was assessed with a Gastroparesis cardinal symptom index (GCSI) questionnaire. SPSS software version 16 was used to analyze the data and Generalized Estimating Equation (GEE) model, Independent-samples t-test, Paired-samples t-test, Mann-Whitney U test, and Wilcoxon signedrank test were used to assess variables. Results: All gastroparesis symptoms of patients (14.6% diabetes type 1 and 85.4% diabetes type 2) including nausea /vomiting, postprandial fullness/early satiety, and bloating were significantly declined in each group during study (p˂0.0001). Pistacia atlantica gum significantly reduced severity of gastroparesis symptoms including Postprandial fullness/early satiety (p=0.04), Bloating (p˂0.0001), and GCSI scores (p=0.001) versus placebo. Systolic blood pressure (p=0.006), BMI (p=0.018), and HbA1c (p=0.038) significantly decreased in the Pistacia atlantica group after the intervention. Conclusion: This study showed that daily consumption of Pistacia atlantica gum for one month improves diabetic gastroparesis symptoms.
Introduction
Gastroparesis is a digestive complaint described by delayed gastric emptying without mechanical obstruction (1) . There are two major etiologies for gastroparesis including diabetes mellitus and idiopathic form. More than onethird of gastroparesis that can be seen in diabetic patients, is mainly prolonged and poorly controlled diabetes (2) . The main symptoms are nausea, retching, vomiting, burping and belching, abdominal distention, early satiety, postprandial heaviness, and abdominal pain above the navel (3) . Other complications are loss of appetite, malnutrition, poor quality of life, and impaired glycemic control due to incomplete delivery of nutrients and drugs to the small intestine for absorption (4) . The high prevalence rate of diabetic gastroparesis (DGP) in the world is estimated at about 30 to 50% in type 1 and 2 diabetic patients. These manifestations show the importance of research in the management of this disease (3, 5) . The pathogenesis of diabetic gastroparesis is incompletely recognized (6) . Various etiologies such as uncontrolled blood sugar, autonomic neuropathy, vagal neuropathy and hormonal disorders play important roles in the pathogenesis (7) . Prokinetic agents including dopamine antagonists and motilin agonists are widely used to treat diabetic gastroparesis (8, 9) . These drugs have significant side effects such as inhibiting dopamine due to increased prolactin, gynecomastia, galactorrhea, dystonic reactions, and cardiac arrhythmias (10) (11) (12) (13) . Erythromycin increases antimicrobial resistance and changes the intestinal microbial flora (14) . Due to insufficient satisfaction of current treatments and their side effects, the use of complementary and alternative medicine in this field seems essential (15) . According to Persian medicine literature, the stomach is the main place for digestion that plays an important role in human health (16) . Gastroparesis may occur due to excessive moisture and/or coldness in the stomach. One of the best herbal medicines that is frequently mentioned in stomach disorders in Persian medicine literature is Pistacia atlantica gum; different parts of P. atlantica have beneficial effects in gastrointestinal, liver, brain and kidney disorders (17) (18) (19) (20) . Recent studies demonstrate the wide pharmacological aspect from various parts of P. atlantica, such as antidiabetic, antihyperlipidemic, anti-inflammatory, antioxidant, and antimicrobial effects (21) (22) (23) . The most effective antimicrobial agent isolated from the resin of Pistacia atlantica kurdica is related to triterpenes, 3-O-acetyl-3-epiisomasticadienolic acid (24) . In vitro studies demonstrate its antimicrobial activity on Helicobacter pylori. The essential oil is one of the main components reported from its resin. The main chemical composition in essential oil is terpenoids with α-pinene and β-pinene (24, 25) . Considering the role of complementary medicine, the objective of this study was to assess the effects of Pistacia atlantica gum on diabetic gastroparesis symptoms. In addition, blood glucose, blood pressure and body mass index were evaluated.
Material and Methods

Trial design
To perform this study, we designed a randomized triple-blind, placebo-controlled clinical trial from November 2016 to May 2017.
Participants
The research population was selected from the diabetes clinic and gastrointestinal clinic of Imam Reza Hospital, (a general hospital affiliated to Mashhad University of Medical Sciences). This hospital is a major medical center in Mashhad, northeastern Iran. Patients with type 1 or 2 diabetes older than 18 years with primary clinical symptoms of digestive disorder referred to gastroenterologist and endocrine specialist to diagnose and evaluate the signs and symptoms of gastroparesis in order to rule out the mechanical obstruction and other gastroenterology disorders. Endoscopy was performed for all patients over the age of 55 and patients with risk factors such as unexplained weight loss, odynophagia, dysphagia, family history for gastrointestinal cancer.
Selection criteria
The inclusion criteria in this study was patients with a history of five years diabetes (type 1 or 2), older than 18 years, and with clinical symptoms of gastroparesis for more than six months determined by the Gastroparesis cardinal symptom index (GCSI). Gastroparesis was diagnosed clinically by physical examination and ruled out mechanical obstruction with upper endoscopy in diabetic patients, and gastric emptying tests did not perform for eligibility (26) . The exclusion criteria were: 1) organic disorders in the upper endoscopy report in patients with risk factors such as unexplained weight loss, odynophagia, dysphagia, family history for gastrointestinal cancer, 2) evidence of mechanical obstruction of the stomach or bowel, 3) history of gastrectomy, gastric bypass, gastroplasty, pyloroplasty and vagotomy, 4) classical eating disorders (anorexia nervosa, bulimia), 5) patients with heart failure, kidney failure, hepatitis or liver failure, 6) uncontrolled thyroid disorders, 7) endoscopic botulinum toxin injection in the pylorus in the past 6 months, 8) patients who have been treated with electrical stimulation of the stomach, 9) consumers of medicines that induce delayed gastric emptying such as acarbose, miglitol, exenatide, benzodiazepines, calcium channel blockers, narcotics, alpha-2 adrenergic receptor agonists such as clonidine, tricyclic antidepressants, dopamine agonists, cholinergic muscarinic receptor antagonists, octreotide, phenothiazines, cyclosporine, 10) patients with dry mouth and dry tongue, 11) history of allergy to Pistacia atlantica, 12) Pregnancy and lactation, 13) patient's unwillingness to continue the project, 14) incidence of possible side effects. The study flowchart is illustrated in Figure 1 . 
Interventions 2.4.1. Interventions
In the present study, 64 diabetic patients with suspected gastroparesis symptoms were evaluated at the clinics, and 10 patients were excluded because of disorders reported by endoscopy and their drug history (consumer of medicines that induce delayed gastric emptying). Fifty-four patients (14.6% diabetes type 1 and 85.4% diabetes type 2) were divided by balanced block randomization method into two groups of intervention (2 gram Pistacia atlantica chewing gum, two times a day) and placebo (sugar free chewing contained industrial plastic polymers, two times a day) for one month. Both groups received current dietary advice for DGP (mmultiple meals with low-volume and light food and avoiding thick or condense food). Type of diabetes and their medications are not important in this study but HbA1c level was matched in both groups.
Measurement of gastroparesis symptom severity
The severity of symptoms at commencement and 1, 2, 3, 4 weeks and one month after the end of intervention was measured with Gastroparesis cardinal symptom index (GCSI) standard questionnaire. Validity and reliability of this English questionnaire were evaluated. The questionnaire includes 3 groups of symptoms consisting of nausea/vomiting, postprandial fullness/early satiety, and bloating which is designed in the form of 9 questions based on the Likert scale (none, very mild, mild, moderate, severe and very severe) (27-30).
Biochemical analysis
Biochemical blood tests were performed at the beginning and end of the study (week 4). These measurements include: Complete blood count (CBC), Glycated hemoglobin (HbA1c), Fasting blood sugar (FBS). The aim of these measurements is to assess the glycemic profile changes. Improvement of gastroparesis symptoms has a great effect on carbohydrate absorption through the release of gut peptides (6); Gastroparesis can also disturb absorption of oral hypoglycemic drugs (31).
Determination of Pistacia atlantica kurdica gum ingredients with Gas chromatography/mass selective detector (GC-MSD)
Pistacia atlantica resin which is used in this study has been harvested from the state of Kordestan in Iran in 2016 and standardized by gas chromatography/mass selective detector. GC-MSD is a useful technique for the analysis of terpenoids, especially mono-and sesquiterpenes, in various resins (32) . The GC-MSD analysis of the oleo-gumresin of Pistacia atlantica var. kurdica led to identifying 38 compounds (Table 1 ). The comparison of the retention times and mass selective detection data of these 38 compounds with reference compounds, library matching, and fragmentation patterns in the literature showed the main components were α-pinene (82.64%), β-pinene (3.04%), verbenol (1.43%), α-terpinolen (1.25%), L-limonene (1.03%), Benzenemethanol, and α,α-4-trimethyl (1.02%). These results are almost similar to pervious GC-MS research about Pistacia atlantica gum. The resin in the present study was standard with α-pinene and β-pinene. Total components and their retention time are shown in Table 1 and Figures 2 and 3 . 
Outcomes
Primary outcomes were severity of gastroparesis symptoms that were determined with GCSI questionnaire. Secondary outcomes included assessment of FBS, HbA1c, blood pressure, Body mass index and adverse effects.
Sample size
There was no similar study for the sample size and we considered medium effect size (Δ=0.4, power =80% and confidence interval =95%) for calculating sample size. Considering 10 % drop-out during the study time, the sample size was calculated as 27 subjects per group.
Randomization and blinding
Patients were divided into two groups which included Pistacia atlantica and placebo, by balanced block randomization method. Randomized sequence generation was considered as block size of four variables. This clinical trial was a triple-blinded study of which patients and an investigator who performed the clinical assessments and statistical analyzer were blinded. IRCT2016110630739N1. The aim and object of the study were explained for the patients. Informed consent was obtained from all participants in their native language (Persian) prior to the study. All patient information was kept confidential. We were committed to allow the participants to leave the study, anytime they wanted.
Statistical methods
Results
Fifty-four patients were enrolled in the study but 6 patients did not return for follow-up ( Figure 1 ). The remaining 48 patients completed the treatment. Their age range was 30-73 years with the average of 51.19 (±10.96) years. The groups of patients randomly allocated to receive Pistacia atlantica var. Kurdica gum (PAK) or placebo, had similar characteristics in most variables at baseline (Table 2) . Dependent variables including body mass index, systolic and diastolic blood pressure, Glycated hemoglobin (HbA1c), and Fasting blood sugar (FBS) were assessed at baseline and immediately after treatment period (1 month) ( Table 3) . Systolic blood pressure (p=0.006), BMI (p=0.018), and HbA1c (p=0.038) significantly decreased in the PAK group after the treatment. Postprandial fullness/early satiety (p=0.04), bloating (p˂0.0001), GCSI scores (p=0.001), stomach fullness (p˂0.0001), feeling excessively full after meals (p=0.011), bloating (feeling like you need to loosen your clothes (p˂0.0001), stomach or belly visibly larger (p˂0.0001) significantly decreased in the PAK group versus placebo after the treatment in follow up patients (Table  4 , 5). Some of the symptoms' improvement was related to male sex; Postprandial fullness/early satiety (p=0.016), loss of appetite (p=0.004), nausea (p=0.007), not able to finish a normal-sized meal (p=0.002), and GCSI score (p=0.01) significantly decreased in male sex. Retching (p=0.003) and Nausea /vomiting (p=0.034) significantly decreased in HbA1c ≤7 group. Reducing the severity of bloating was significant in the group that observed the correct diet (p=0.026). GCSI scores was measured one month after the end of intervention. GCSI score mean change from baseline to week 8 for both groups is shown in Figure 4 . Adverse effects assessed in this study; one patient in the PAK group did not complete the treatment Course owing to gastric upset induced by PAK odor. Another patient in the placebo group did not complete the treatment period because of toothache and could not chew the placebo. 
Discussion
This study is the first to design the efficacy of PAK in the treatment of diabetic gastroparesis symptoms. In this study, more than 50% of patients were in age group ˃50 years and mean of duration of diabetes was 10 years; this showed gastroparesis is directly related to diabetic time. Distribution of sex was not normal. This can be interpreted that women have more common risk factors than men, factors such as low physical activity, obesity, etc. More than 80% patients were type 2 diabetes mellitus and mean of BMI was 31 kg/m2. It can probably be considered that obesity is the risk factor of diabetic gastroparesis. According to research findings, all gastroparesis symptoms including nausea and vomiting, postprandial fullness/early satiety, and bloating were significantly declined in each group during the study (p˂0.0001). It can be justified by the important role of dietary advice in the treatment of both groups. Although there is not a study similar to our clinical trial, Eva A. Olausson conducted a study for assessment dietary advices in diabetic gastroparesis, and found that a small portion diet improves gastroparesis symptoms (33) . Postprandial fullness/early satiety, bloating and GCSI scores significantly decreased in the PAK group vs. placebo after the treatment. Also, HbA1c significantly decreased in the PAK group, but there is no significant difference between groups. Although, we did not expect to observe a treatment effect of PAK on HbA1c due to the short duration of the treatment periods (the present intervention lasted only 4 weeks). This can be interpreted improvement of gastroparesis symptoms has a main effect on carbohydrate absorption and through the release of gut peptides and enhancement absorption of oral hypoglycemic drugs (6, 31) . One study was performed regarding the effect of cinnamon on delay gastric emptying and postprandial glucose in healthy volunteers, and found both of mentioned variables were reduced in the cinnamon group. Similar studies include the effects of Chios mastic gum (from Anacardiacea family herb) on cholesterol and glucose levels of healthy subjects, and demonstrate significant lowering effects on total cholesterol and glucose levels (34) . It seems that using PAK for a longer period can lead to better results. Further study should be assessed to investigate these effects.
In pathogenesis of gastroparesis, pyloric contraction due to neuropathy and loss of expression of neuronal nitric oxide is important. The mentioned mechanism may be related to immune disturbance or reactive oxygen species (35) . According to Persian medicine, the main mechanism in gastroparesis is "phlegmatic temperament". Based on Persian medicine, oleoresin of PAK is stomach and nerve tonic and has proper effect on gastrointestinal disorder especially stomach diseases and neurological disease (16, 20) . These properties cover the main therapeutic goals in neuropathy and gastrointestinal disorder in diabetic patients. Essential oil of PAK stimulates gastric motility by its ingredients that are α-pinene, β-pinene, verbenol, α-terpinolen and limonene. These components may increase peristaltic contraction in the fundus and antrum with strengthening of the gastric smooth muscles and nerves (36, 37) . On the other hand, it may decrease pyloric contraction due to improved NOs activity (NO-cGMP mediated pathway) (38) . Recent studies showed P. atlantica has anti-inflammatory, antioxidant, antidiabetic, and antihyperlipidemic activities (22, (39) (40) (41) ; Therefore PAK can reduce oxidative and inflammatory processes in DGP.
Study limitations
Our study had positive points such as considering placebo and blinding method designs. The limitations of the study were: 1) Short study period intervention for one month, 2) not evaluating HbA1c after tree month, 3) not performing scintigraphy for measurement of gastric emptying rates.
Conclusions
The efficacy of PAK of diabetic gastroparesis symptoms was evidenced in this work. This study exhibited significant improvement in diabetic gastroparesis symptoms. More investigation should be done regarding its safety. Comparison with other drug protocols, and longer period intervention is recommended.
